Abstract-This paper aims to build a new multi-centrality model based on Borda count method for identification of important ports in maritime networks. Main contributions of this paper can be concluded as follows. First, it is found that the AsiaEurope routes of the Maersk shipping line is not homogeneous, indicating that a few hubs occupy major shipping lines. Secondly, the multi-centrality model based on Borda count method is conducted to identify vulnerable ports of maritime networks. The proposed analysis framework could contribute to generating valuable managerial implications for the stakeholders such as shipping lines, ports, and port states to ensure the robustness of the investigated maritime supply chains.
are referenced to three different structural attributes.
Few works have addressed the node importance of the maritime network in the view of network aspect. Reference [5] is a pioneer. They model ports and scheduled liner containership services between Western Europe and North America as the nodes and links of a global network. They deem that the most important nodes are not necessarily the busiest ones, and that some nodes may be more heavily affected than others.
Single centrality provides partial information about nodes and cannot reflect the whole profile. In order to aggregate the information from different centrality measures and rank the nodes with respect to their overall role in the network, parametric approaches such as analytical hierarchy process [6] , technique for order performance by similarity to ideal solution [7] , fuzzy logic [8] , and non-parametric ones like ordered weighted averaging [9] are used to assign a different weight to each measure. However, these methods require to subjectively evaluate the relative importance of the selected attributes. It sometimes makes decision makers to assign more importance to some attributes over the others, which often causes subjective bias. More importantly, it constrains the presentation of each combined measure to be uniformed. To avoid the subjective bias caused by decision maker preferences, a nonparametric method based on partial order set [10] was introduced to aggregate different topological measures to rank the nodes in a network. Furthermore, voting aggregation methods like the Borda Count method [11] and Copeland's Score method [12] , cutting down individual influence on the final result by electing a candidate with the broadest acceptance from all the voters, are often considered as a consensus-based approach rather than a majoritarian one. The principles of two methods are similar, while the calculation process of the Borda Count is simpler than that of Copeland's Score. The Borda Count method is used in this paper, and it is a voting method in which voters rank candidates in order of preference. In this method, each candidate will be ranked by each voter by means of giving a certain number of points corresponding to the position of this candidate. The winner is the candidate who has the most points. It presents a rational solution in combining different measures from multi-centrality analysis as evidenced from its applications and the associated implications in recent studies.
The remaining part of this paper is organized as follows. In Section 2, maritime network modeling and data source are illustrated, and its basic topology features are analyzed in Section 3. In Section 4, identifications of important ports by individual centrality-degree, betweenness and closeness centrality are analyzed. In Section 5, the multi-centrality models based on the Borda Count method is developed. Finally, Section 8 concludes the paper by highlight its contributions and limits.
II. METHODOLOGY

A. Maritime network modeling
The typical definition of a maritime transport network is a graph where nodes are ports and links are inter-port connections realized by the circulation of vessels. In other words, the network is built based on ports of call, vessel characteristics and vessel movements. The links could be directed or non-directed links, weighted or non-weighted links, depending on the demands of research.
In 2007, reference [13] introduced the idea of space L and space P into maritime networks, and extended the idea to the case of directed networks. The space L consists of nodes and links. A link exists between a pair of nodes if they are consecutive stops on a ship route ( Figure 1 ). In this kind of topology, the node degree k is the sum of different ship routes one can take from a given port. However, in the space P, only if there is a ship schedule traveling between two nodes, the link between the two nodes exists. Therefore, the node degree k in this topology is the sum of nodes reachable using a single ship route and the distance can be interpreted as a number of transfers (plus one) one has to take to get from one port to another. Reference.
[12] also used the above two different network representations to construct the worldwide maritime transportation network. Reference [10] provided two concepts GDL (Graph of Direct Links) and GAL (Graph of All Links) instead of space L and P. On the one hand, the GDL only includes direct successive calls between ports (namely from port A to port B and from port B to port C). On the other hand, the GAL includes direct and indirect calls. It can be argued that if two ports belong to the same liner service or loop, although they are not adjacent calls (that is from port A to port C), they are also connected. In this research, the network type space L (GDL) is considered, which consists of nodes (i.e., ports), and a link between two nodes exists if they are consecutive stops on the same ship route. 
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B. Data source and visualization
The data source in our research is from Maersk shipping line with a focus on its Asia-Europe routes in July 2016 from Maersk website (http://www.maerskline.com), including 19 shipping lines and 54 call ports. Table 1 shows the index number of each port.
An adjacency matrix A represents the links connecting each pair of nodes. The element aij of the adjacent matrix A equals to 1 if there is a link from node i to j or 0 otherwise. A directed network means that links point in one direction from one node to another node. Then nodes have two different degrees, the indegree kin(i), which is the number of incoming edges, and the out-degree kout (i), which is the number of outgoing edges [13] .
Because shipping routes are directed, links in the network should also be directed. From the asymmetric adjacent matrix A, three kinds of degree can be calculated-in-degree, outdegree and all-degree which does not take into account the direction of links.
In addition, weighting should be addressed especially in transportation networks. Because some paths have more traffic flows than others, hence playing more important roles in the functioning of the whole network. Traffic on a transportation network is not equally distributed.
In this study, we assume that the more shipping routes from port i to port j, the greater the weight of link from i to j.
The element wij of the link weight matrix W is usually used to represent the strength or importance of relations from port i to port j. We define the element wij of the weight matrix W is the number of shipping lines traveling from port i to port j [14]. Then, another important metric is deduced, called node strength. Node strength is defined as the total weight of node connections. The strength distribution is a characteristic of node. It is also divided into in-strength, out-strength and allstrength in our network.
Finally, the network contains 54 nodes and132 directed and weighted edges.
The network visualization is shown in Figure 2 . The size of the edges reflects the weights of the associated links. 
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A. Degree metrics and their distributions
The above Figure 1 only shows the network topology. It is necessary to use statistical methods to further investigate the network topology features. In statistics, the topology structure of networks can be analyzed by distribution functions. The spread in the number of edges of a node, i.e., node degree, is characterized by a distribution function P (k), which describes the probability that a randomly selected node I has exactly ki edges. Emergence of a power-law in the degree distribution P(k)~k -γ in complex networks is an interesting self-organized phenomenon in complex systems. Such a network is called scale-free network. In this section, node degree distributions are analyzed.
The all-degree distribution is obtained and shown in Figure  3 . The part of the distribution exhibits a power law-like degree distribution too. Fig. 3 Degree distribution of non-directed network in log-log coordinate
In Figure 2 , the all-degree distribution's power-law fitting curve is p(k)= 1.404*k -1.838 with R-square0.9586 and adjusted R-square 0.9552.
Consequently, the in-degree, out-degree and all-degree, tending to follow a power law-like distribution, imply the existence of several hubs in the investigated network occupying a majority of links.
B. Node strength metrics and their distributions
The all-strength distribution is shown in Figure 4 . The part of the distribution exhibits a power law-like degree distribution. Fig. 4 Strength distribution of non-directed network in a log-log coordinate.
In Figure 8 , the all-degree distribution's power-law fitting curve isp(k)= 2.79*k -2.02 with R-square 0.7511 and Adjusted Rsquare 0.744.
If random attacks occur on a heterogeneous network of ports, it is less likely to happen on hubs and will not have much effect on the structure and function of the whole system. But once failures occur on hub ones, the impact would spread quickly throughout the network.
IV. IDENTIFICATION OF IMPORTANT PORTS BY INDIVIDUAL CENTRALITY
A. Degree centrality
First, we identify important ports according to node degrees. From Table 2 , we can see that except port NO.44, other highdegree ports have no significant differences from each other. However, port NO.44 is Suez Canal container terminal (SCCT), which presents the gate between Europe and Asia, and obviously the analysis result verifies its importance. Other high degree ports are NO.42 (Shanghai with a high out-degree), NO.43 (Singapore with a high out-degree), NO.52 (Yantian with a high in-degree), NO.45 (Tanjung pelepas with both high in-degree and out-degree), and NO.40 (Rotterdam with a high in-degree) with specific sequences according to different degrees. 
B. Betweenness centrality
We conduct the analysis on node betweenness. From Table  3 it can be seen that port NO.36 (Port Said) is an unexpected key node in the network, and other key nodes are kept in similar places to those obtained by the above methods. The Borda count is a single-winner election method in which voter ranks options or candidates in order of preference. The Borda count determines the outcome of a debate or the winner of an election by giving each candidate, for each ballot, a number of points corresponding to the number of candidates ranked lower. Once all votes have been counted the option or candidate with the most points is the winner. Because it sometimes elects broadly acceptable options or candidates, rather than those preferred by a majority, the Borda count is often described as a consensus-based voting system rather than a majoritarian one.
In this paper, a model containing degree centrality, node strength centrality, betweenness centrality and closeness centrality is developed based on the Borda Count method. For example, there are 54 ports totally in this case, the all-degree of node No.44 ranks the first, so it gets 54 points, and the strength of this node also ranks the first, and it gets 54 points again. The total score of No.44 is 270. All ports are calculated and ranked and the result is shown in Table 5 . There are scanty studies on identification of important ports of maritime network. Our work is a study of multi-disciplinary nature incorporating science relating to complex network, vulnerability analysis and maritime transportation operations. The findings reveal that the proposed methodology is capable of providing insights on the identification of important ports in maritime networks.
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Main contributions of this paper can be concluded as follows. First, from the data source, basic network topology features are analyzed. All degree and strength based exhibit a power law-like distribution. As a result, it is found that the Asia-Europe routes of the Maersk shipping line is not homogeneous, indicating that a few hubs occupy major shipping lines. Secondly, given that single centrality cannot provide sufficient information about vulnerability analysis of nodes for reasonable decision making, the multi-centrality model based on Borda count method is conducted to identify vulnerable ports of maritime network. It should be well noted that by using the models, this study can provide more insightful analysis, including: First, managerial implications for stakeholders. The proposed analysis framework could contribute to generating valuable managerial implications for the stakeholder such as shipping lines, ports, and port states to ensure the robustness of the investigated maritime supply chains. For example, the result of our empirical study based on the data of the Maersk Line is helpful to identify key ports with respect to the vulnerability of its EU-Asia maritime network. The empirical can easily be expanded to other shipping lines.
In future research, the traffic volume of cargo throughput should be taken into account properly. In addition, the prerequisite for the research of this kind is a stable topology of the network in a fixed time window, and the dimensions of time can be investigated to reveal their impacts to the vulnerability of maritime supply chains in a dynamic manner in future work.
